SUPERCONDUCTING MAGNESIUM DIBORIDE THIN FILM AND METHOD AND 
APPARATUS FOR FABRICATING THE SAME 



CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application is a continuation of U.S. 
Application Serial No. 10/097,975, filed March 15, 2002, the 
disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a method and 
apparatus for fabricating a superconducting magnesium 
diboride (MgB 2 ), and more particularly, to a superconducting 
magnesium diboride thin film having c-axial orientation and 
high temperature superconductivity, and method and apparatus 
for fabricating the superconducting magnesium diboride thin 
film. 

2 . Description of the Related Art 

[0003] Recently, a research report on superconductivity in 
magnesium diboride MgB 2 in Nature 410, p. 63, March 1, 2001 
by Nagamatsu et al . discloses superconducting magnesium 
diboride having a transition temperature as high as 3 9 K, 
compared to the transition temperature of 23 K for 
conventional superconducting metals. The magnesium diboride 
also has high current transporting capability due to higher 
conduction-electron density. Thus, it is highly probable 
that almost all existing conventional superconducting 
materials will be replaced with the magnesium diboride 
superconductor . 

[0004] Such highly probable applicability of the 
superconducting magnesium diboride has boosted recent 
research on superconducting magnesium diboride worldwide. 
As an example, Canfield et al . at the Iowa State Univ. in 
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the U.S. developed superconducting wires for practical uses 
(Phys. Rev., Lett. 86, 2423 (2001)). 

[0005] In addition, processing of superconducting magnesium 
diboride into a thin film is essential for its application 
in a variety of electronic devices. However, there have not 
yet been any reports of superconducting magnesium diboride 
in the form of thin film with satisfactory effects. 

SUMMARY OF THE INVENTION 
[0006] It is a first object of the present invention to 
provide a method for fabricating a superconducting magnesium 
diboride (MgB 2 ) thin film. 

[0007] It is a second object of the present invention to 
provide a superconducting magnesium diboride thin film 
formed by the method. 

[0008] It is a third object of the present invention to 
provide an apparatus for fabricating a superconducting 
magnesium diboride thin film. 

[0 009] To achieve the first object of the present invention, 
there is provided a method for forming a superconducting 
magnesium diboride (MgB 2 ) thin film, the method comprising: 
(a) forming a boron thin film on a substrate; and (b) 
thermally processing the substrate on which the boron thin 
film is formed along with a magnesium source and cooling the 
resulting structure . 

[0010] It is preferable that, in step (a), the boron thin 
film is formed by pulsed laser deposition, sputtering 
deposition, electron beam evaporation, metallorganic 
chemical vapor deposition, or chemical vapor deposition. 
[0011] It is preferable that, in step (b) , the substrate 
with the boron thin film and the magnesium source are heated 
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at a temperature of 600-1000EC in the absence of any 
reactive gas such as air. 

[0012] It is preferable that step (b) is carried out in a 
state where the substrate with the boron thin film and the 
magnesium source are double sealed with a container made of 
tantalum or niobium inside and a container made of quartz 
outside. As a result, a magnesium diboride thin film having 
good superconductivity can be obtained. 

[0013] It is preferable that both ends of the container made 
of tantalum or niobium are sealed in an inert gas 
atmosphere, and both ends of the container made of quartz 
are sealed in a vacuum. In step (b) , the temperature of the 
heat source is raised to 600-1000EC, and the substrate with 
the boron thin film and the magnesium source are placed 
inside the heat source, rapidly heated at the temperature of 
600-1000EC for 10-60 minutes, and cooled in the heat source 
to room temperature . 

[0014] The second object of the present invention is 
achieved by a superconducting magnesium diboride thin film 
formed by the method of claim 1 with the c-axial crystal 
orientation . 

[0 015] The third object of the present invention is achieved 
by an apparatus for fabricating a superconducting magnesium 
diboride thin film, the apparatus comprising: a first 
protecting member receiving a substrate with a magnesium 
diboride thin film and a magnesium source for preventing the 
magnesium diboride thin film and the magnesium source from 
oxidizing in contact with the air; a second protecting 
member receiving the first protecting member for preventing 
oxidization of the first protecting member; and a heat 
source for thermally processing the substrate with the boron 
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thin film and the magnesium source contained in the first 
protecting member and the second protecting member. 
[0016] It is preferable that the substrate with the boron 
thin film is a monocrystalline sapphire substrate or a 
monocrystalline strontium titanate substrate. Use of these 
substrates can suppress unnecessary reactions between the 
boron thin film and the substrate at high temperatures. 
Preferably, the first protecting member is formed of 
tantalum or niobium and is filled with an inert gas. 
Filling the first protecting member with an inert gas is 
effective in preventing oxidation of the boron thin film and 
the magnesium source. It is preferable that the second 
protecting member is formed of quartz and its inside is in a 
vacuum state. Evacuating the second protecting member can 
effectively prevent oxidation of the first protecting member 
by contact with the air. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] The above objects and advantages of the present 
invention will become more apparent by describing in detail 
preferred embodiments thereof with reference to the attached 
drawings in which: 

[0018] FIG. 1 shows the structure of a preferred embodiment 
of a pulsed laser deposition (PLD) apparatus used in the 
formation of a boron thin film according to the present 
invention; and 

[0019] FIG. 2 shows the structure of an apparatus for 
thermally processing a superconducting magnesium diboride 
thin film according to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
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[0020] A method for fabricating a magnesium diboride (MgB 2 ) 
thin film according to the present invention roughly 
involves two steps: Step 1 of forming a boron thin film as a 
precursor of magnesium diboride using a physical deposition 
apparatus, and Step 2 of forming a superconducting magnesium 
diboride thin film by diffusing magnesium into the boron 
thin film through reaction with magnesium. 

[0021] In Step 1, the formation of the boron thin film can 
be achieved by pulsed laser deposition (PLD) , sputtering 
deposition, electron beam evaporation, metallorganic 
chemical vapor deposition (MOCVD) , chemical vapor 
deposition, etc. The boron thin film formed by these 
methods can be amorphous or crystalline. The 
characteristics of the boron thin film vary slightly with 
the method applied to form the same. 

[0 022] Step 1 of forming a boron thin film by PLD will be 
described in greater detail with reference to FIG. 1. A 
coin-like target 16 for use in the deposition of the boron 
thin film was prepared by stuffing a cylindrical mold 

(having a diameter of 10-100 mm) with boron powder having a 
grain diameter of 1-5 Fm and applying pressure on the order 
of 5-10 tons. The target 16 is fixed to a support plate for 
the target 17 and irradiated with an excimer laser beam. As 
a result, boron evaporates from the target 16 and forms a 
boron thin film on a substrate 14 fixed to the top of a 
support plate 12 for substrate. In FIG. 1, reference 
numeral 11 denotes a direction in which the laser beam is 
radiated, and reference numeral 15 denotes boron evaporation 
toward the substrate 14. 

[0023] The boron deposition is carried out under the 
conditions of a laser pulse frequency of 1-10 Hz, preferably 
about 8 Hz, and a laser beam energy density of 20-30 J/cm 2 in 



6 



consideration of boron's vaporizing temperature. When boron 
deposition is continued for about 1-2 hours under the above 
conditions, an amorphous boron thin film having a thickness 
of about 0.5-1 Fm and a mirror-like glossy surface is 
obtained. 

[0024] The substrate 14 on which the boron thin film is 
formed may be a monocrystalline sapphire (a variant from 
corundum (A120 3 )) substrate or a monocrystalline strontium 
titanate (SrTi0 3 ) substrate. This is because these 
substrates are chemically stable at high temperatures so 
that reaction between substrate and thin film can 
effectively be suppressed. 

[0025] In Step 2, a superconducting magnesium diboride thin 
film is formed by diffusing magnesium into the boron thin 
film through a thermal process to grow magnesium diboride 
crystal having uniform orientation. 

[0026] Magnesium is easy to oxidize and has a melting 
temperature of 650EC and a vaporizing temperature of 1107EC, 
which are much lower than the melting point of 2100EC and 
vaporizing temperature of 4000EC of boron. Magnesium needs 
high-pressure reaction conditions due to its poor reactivity 
at atmospheric pressure. Magnesium also has higher vapor 
pressure at a high temperature, and thus heating magnesium 
in a sealed container can create a high-pressure 
environment. Based upon these characteristics of magnesium, 
the boron thin film is reacted with magnesium under 
continuous high-pressure. This process will be described in 
greater detail with reference to FIG. 2. 

[0027] Once a boron thin film 20 is formed on a substrate 21 
as in Step 1, the substrate 23 with the boron thin film 20 
and a magnesium source 22 are placed in a first protecting 
member 24 and then in a second protecting member 25. The 
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magnesium source 22 may be provided in any form, for 
example, powder, ribbon, or turning form, but the turning 
form is preferred because it has less surface area than the 
other forms so that a chance of impurity contamination 
occurring is reduced. 

[0028] Next, the second protecting member 25 is heated by a 
heat source 2 6 and cooled, thereby resulting in a desired 
superconducting magnesium boride thin film. An example of 
the heat source 26, a horizontal type electric furnace, is 
shown in FIG. 2. 

[0029] It is preferable that the boron thin film 20 and the 
magnesium source 22 are heated at a temperature of 600- 
1000EC. If the heating temperature of the boron thin film 
20 and the magnesium source 22 is less than 600EC, magnesium 
diffusion into the boron thin film 20 hardly occurs. If the 
heating temperature exceeds 1000EC, unintended crystalline 
structure is formed. The heat source 2 6 is not limited to 
the type of FIG. 2, and a vertical or box type electric 
furnace can be used as the heat source 26. 

[003 0] Preferably, the thermal process is carried out in a 
short time. In particular, the temperature of the heat 
source 26 is raised to 600-1000EC, and a sample is moved to 
a uniform-temperature center region of the heat source 26 
within 30 minutes, preferably in 5 minutes. The sample is 
heated at the temperature of 600-1000EC for 2 hours, 
preferably 3 0 minutes, drawn out of the heat source 26, and 
cooled for 30 minutes to 2 hours, preferably 1 hour. Such a 
rapid thermal process can effectively prevent degradation of 
the magnesium diboride thin film which would be caused by 
chemical reaction with the substrate underlying the 
magnesium diboride thin film. 
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[0031] The first protecting member 24 is for preventing the 
boron thin film 2 0 and the magnesium source 22 from 
oxidizing, and thus it is preferable that the first 
protecting member 24 is formed of a material incapable of 
causing chemical reaction with the magnesium source 22 at 
high temperatures. Suitable materials for the first 
protecting member 24 include tantalum (Ta) and niobium (Nb) . 
It is preferable that the first protecting member 24 is 
filled with an inert gas such as argon (Ar) to prevent 
oxidation of the boron thin film 2 0 and the magnesium source 
22. In particular, magnesium changes into magnesium oxide 
by combination with oxygen present in the air. Thus, the 
sample should be reacted with magnesium in the absence of 
oxygen to grow high-purity magnesium boride crystals. The 
first protecting member 24 can be manufactured in any shape 
without limitations. In an embodiment of the present 
invention, as the first protecting member 24, a container 
made of Ta, more specifically a Ta tube whose ends are 
sealed, is used. 

[0032] The second protecting member 25 is for protecting the 
first protecting member 24 from oxidizing at high 
temperatures by contact with the air, and it is not limited 
in shape. In an embodiment of the present invention, as the 
second protecting member 24, a container made of quartz, and 
preferably a quartz tube whose both ends are sealed, is 
used. The inside of the second protecting member 25 is 
evacuated to protect the first protecting member 24 from 
oxidizing in contact with the air. 

[0033] A result of an x-ray diffraction test on the 
superconducting magnesium diboride thin film obtained by the 
method described above shows that the resultant 
superconducting magnesium diboride thin film has the c-axial 
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orientation. In contrast, the magnesium diboride powder 
prepared by Nagainatsu et al . and the magnesium diboride 
wires formed by Canf ield et al . are proven to be 
polycrystals grown in arbitrary directions without 
orientation in a particular direction. The magnesium 
diboride thin film formed by the method according to the 
present invention has a superconducting critical temperature 
of 39 K and a critical current density of 8,000,000 A/cm 2 . 
The superconducting critical temperature of the magnesium 
diboride thin film according to the present invention is the 
same as that of the conventional superconducting magnesium 
diboride wires. However, the critical current density of 
the magnesium diboride thin film according to the present 
invention sets the highest record of 20 times greater 
current transporting capability than the conventional 
superconducting wires. 

[0034] The method for forming a superconducting magnesium 
diboride thin film according to the present invention 
enables formation of a magnesium diboride thin film with 
good superconductivity and crystalline c-axial orientation. 
The superconducting magnesium diboride thin film can be used 
in a variety of electronic devices employing superconducting 
thin films, such as precision medical diagnosis equipment 
using superconducting quantum interface devices (SQUIDs) 
capable of sensing weak magnetic fields, microwave 
communications equipment used for satellite communications, 
and Josephson devices. Computer systems with 100 times 
greater computing speed can be implemented with the 
superconducting magnesium diboride thin film. 
[0035] While this invention has been particularly shown and 
described with reference to preferred embodiments thereof, 
it will be understood by those skilled in the art that 
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various changes in form and details may be made therein 
without departing from the spirit and scope of the invention 
as defined by the appended claims. 



